Introduction
Microporous ceramic membranes are widely considered as candidates to replace existing polymeric counterparts in almost all areas of separation. The efforts to prepare high performance ceramic membranes started with alumina membranes for microfiltration (MF) and ultrafiltration (UF) applications (Bhave 1991) .
Research in these topics peaked in the 80's.
Presently MF and UF membranes made by a variety of ceramic materials like alumina and titania are commercially available (Hsieh 1996) . Early part of this decade witnessed a sharp increase in research interest on the development of inorganic membranes (Crull 1991) for gas separation on the view of using these membranes for high temperature applications like the membrane reactors.
For high separation factors and permeability of gas molecules obviously thin membranes with pore sizes in the microporous range are required. This was the reason for the intense interest in glassy material like silica (Uhlhorn 1990 , Kitao 1990 ) which could be shaped into thin microporous films. Apart from silica thin film membranes, zeolites (Suzuki 1987 , Sano 1991 , porous glass (Shelekhin 1992 ) and carbon (Koresh 1983) were also tested widely for their gas separation performances. Though challenging results in the case of membranes like zeolite (Vroon 1995, Kita 1998) are reported recently, silica remains as the most interesting membrane material because of the ability to make membrane structures from its vapor (Gavalas 1989 , Okubo 1989 ), polymer (Uhlhorn 1990) or particle (Asaeda 1992 ) . However, silica membranes suffer from major problems concerning their stability such as densification in humid conditions (Kim 1995 Table 3 and the pore distribution of the membranes made from these sols is shown in Figure 1 . These sols were hot coated on an alumina support 4 times each for processing the membranes. Pore sizes of 10 nm, 4 nm and 1nm could be made shown that a variety of polymeric silica structures could be obtained . pore structure, on the other hand, depends on the growth of the polymers. The polymeric growth seems to amplify the presence of these non-selective pores in the membrane (see Fig.   6 ). Hence these bigger pores might be the inter-fractal voids produced by the opaqueness of the polymers (Brinker, 1992) . The size of these secondary pores is difficult to quantify.
3. "Template" Method
The third method of microporous silica membrane processing involves the use of templates. Mainly two types of templates have been used for tailoring porous structures.
In the first case surfactant molecules, which Raman et al. 1996) . These membranes are reportedly more stable against water vapor than their hydrophilic counter parts. Table 4 Ethanol The gas permeation behavior of various silica membranes shown in Table 5 
Conclusions
Sol-gel method is suitable for preparing silica membranes with a variety of pore sizes. Fig. 7 Dependence of gas permeation to kinetic diameter of the permeating molecules and to the synthesis history of the membranes. Legend shows the microporosity of the membrane material and activation energy for helium permeation. (Nair, 1998) 
